Using Radiant Glass for
Melting Snow & Ice on Solar
PV & Solar Thermal Panels

State-of-the-Art Low-E radiant glass technology uses minimal electricity
to melt snow and ice when temperature drops below 32°F.



Energized Radiant Glass - Snow Melt Test

Test conditions for November 04, 2013: 3 inches of snow

Glass used for test: PPG Sungate 500 Low-E radiant glass
Dimension: 22.625 inches x 67 inches = 10.5 ft.?

Buss bar dimension: on 22.625 inch legs

Measured sheet onms:  67.7 = 24.3 ohms/ft.?

Cur. flow when on: 1.773 amps

Lead to Buss bar: None

Bus Bar type: 0.005 x 0.25 inches (Y2 hard copper style)
Transfer agent: 3M 9707 XYZ tape

Bus Bar to glass: 22.6” x .257 = 5.7 sq.in. = 0.313 amps/sq.in.

Maximum watts: 212.8 = 20.3 watts/ft.2



Energized Glass: 2013 Snow Melt Test

Snowmelt test set up:

Outside Air Temperature of

6°F, test began at 7:20 am. Colorado
snow accumulation of

2-3 Inches on lower half of the solar
photovoltaic (PV) panel.

At 100% of power supply capacity,
the system will draw ~10.7
watts/ft?/hr. at 80% cycling. That is
equivalent to 160.5 watts for a 15 ft?
250 watt solar panel, or 642 watts
per KW of power generated for
melting 2-3 inches of snow.




Energized Glass: 2013 Snow Melt Test cont.

At 7:40 am, 20 minutes after
the radiant glass had been
activated, 30% of the snow has
melted.




Energized Glass: 2013 Snow Melt Test cont.

At 8:00 am all of the snow on
the glass cover of the solar
PV panel has melted. Total
elapsed time was 40 minutes.

By 9:15 am all of the
moisture has evaporated from
the glass cover of the solar
PV panel. Total elapsed time
was ~2 hr.




Solar Cell/Panel Efficiencies

* Though conventional solar panels are currently achieving only ~15-
20% electric efficiency, progressive solar panel technology
manufacturers such as Sun Power are currently achieving 24% electric
efficiency through innovative design.

« Solar concentrator technologies are increasing electric efficiencies by
two fold with objectives of eventually reaching 70%.

* In addition, solar tracker technologies can increase productivity by up
to 45%.

* Obviously, provided the initial cost of purchase can provide a 3-5 year
ROI, solar concentrator and tracker technologies offer the most
appealing opportunities for enhancing productivity using radiant glass
technology:.




50

48

40

w
D

efficiency (%)

no
o

-
D

44.49% Solar Cell Efficiencies

Best Research-Cell Efficiencies .:NREL

Multijunction Cells (2-terminal, monolithic)  Thin-Film Technologies
" LM = fattice matched © CIGS (concentrator)

MM = metamorphic ® CIGS

IMM = inverted, metamorphic O CdTe

V' Three-junction (concentrator) O Amorphous SiH (stabilized)
L 'V Three-junction (non-concentrator) & Nano-, micro-, poly-Si

A Two-junction (concentrator)

A Two-junction (non-concentrator) O Dve-sensaized cells
L Bl Four-junction or more (concentrator) o >Lrv.:h'g et

O Four-junction or more (non-concentrater) @ Organic cells (various types)

Single-Junction GaAs : Organic nt*':j celis
A Single crystal WO O0N L
A Concentrator Quantum dot celis
V' Thin-film crystal

Crystalline Si Cells

B Single crystal (concentrator)

B Single crystal (non-concentrator) \arian
O Multicrystaliine
| @ Thick Sifilm AA
@ Siiicon heterostructures (HIT)

V' Thin-film crystal

Emerging PV




Selection of Low-E Glass for Solar Panels

A strong exterior glass that can withstand hail and heavy snow loads is
necessary to insure performance of solar panels in temperate
environments.

 High solar transmittance and low exterior emittance in conjunction
with a Low-E coating allows for integration of radiant glass
technology:.
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High Solar Transmittance (Tsol) & Low
Emissivity (emisl) Glass Options

 According to version 38 of the LBNL glass library, Low-E coating,

exterior glass cover for a solar panel could be comprised of the
following options [0.125 (1/8) inch = 3.175 mm]:

* PPG Sungate 500 clear 2.261 mm, Tsol-0.727, emiss1-0.215

e Comfort E-PS Low-E, 2.21 mm, Tsol-0.727, emiss1-0.115

* PPG Sungate 400 Starphire, 4.674 mm, Tsol-0.728, emiss1-0.115

* PPG Sungate 400 Starphire, 3.912 mm, Tsol-0.730, emiss1-0.115

* PPG Sungate 400 Starphire, 3.227 mm, Tsol-0.733, emiss1-0.115

 Cardinal x89 clear, 3.90 mm, Tsol-0.738, emiss1-0.192



Increasing Sun Hour Days

* For solar passive applications, rule of thumb Is to estimate solar PV
production based on average sun days of 4 hr. during the summer in
Boise, ID. If radiant glass technology could extend that to 6-7 sun hr.
days in the summer, perhaps 4-5 hr. sun hr. days during the fall, winter,
and spring seasons by maintaining an outside temp. of 35°F via an
automatic temp. sensor, this would allow for melting snow as well as

frost and ice, etc.

« Active applications, e.g., solar trackers (GPS or photo-sensors), could
achieve a 30-45% increase in productivity and could be even more
appealing for tracker technology applications.




kKW Bundling for Radiant Glass Packages

* If initial costs of the radiant/energized glass could be reduced by
packaging the radiant glass technology in one kW bundles, then a
single power supply and radiant controller could be sufficient for 60
sgft (four 250 watt panels) of low-E coated glass.

« Solar thermal collectors are substantially larger, e.g., 4'x10' and should
similarly benefit from snow melting via radiant glass. This would be
Ideal for integration of solar thermal with radiant floor heating systems
that leverage the thermal masses of concrete and water, particularly in
conjunction with thermal battery systems.



Potential ROI

 With costs of solar PV predicted to drop to $0.35/watt by 2017 due to
Increasing demand, there iIs an opportunity for the average homeowner
to invest in solar PV technology, particularly if productivity can be
enhanced through economic radiant glass technology:.

* For example, a 25% increase in productivity for a 1 kW system, say
from 4 hr. sun days to 5 hr. sun days via year round radiant snow and
Ice melting, would annually boost kWh by 365. At a retail rate of
$0.10/kWh, that would amount to $36.50 in additional electricity
production minus electricity required for radiant glass application.

* Subject to actual validation for a controlled study, provided this
estimated projection is accurate and costs could be contained for
bundling 1 kW radiant glass modules (four 250 watt panels) using the
same radiant controller and power supply, that would provide a ROI of
less than a year.



1 kW Modular Kits for Radiant Glass Technology

* Most solar PV systems are at least 1-3 kW systems even for passive
house applications. Hence, bundling the radiant technology with 1 kW
systems/modular kits would probably be most appealing for the
consumer as well as the solar panel manufacturer.

* |t would certainly appear to add the most value vs. attempting to
provide the radiant technology with separate controller and power
supplies for each 250 watt panel.



